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The Challenge

Emergency and abnormal situations:

- are often time critical, complex, and/or ambiguous
- are high stress, high workload, and a great deal is at stake 
- require exceptionally high levels of coordination inside and 

outside of the airplane

Emergency and abnormal procedures:

- are generally focused on aircraft systems rather than on 
the situation as a whole

- are practiced seldom (twice a year or less) and used rarely

- are often highly dependent on fragile cognitive processes

- when needed, are crucial and must be performed correctly



Emergency and Abnormal Situations Project 
Industry Contacts and Consultants

Boeing, Bombardier, Airbus Industries, 
BAe Systems, 

FAA, CAA (UK), JAA, ICAO, 
Eurocontrol, NavCanada

ALPA, IFALPA, APA, SWAPA, ATA, 
IATA, AFA, ADF

NTSB, TSB of Canada, ISASI

Airborne Express, Air Canada, Alaska, 
Aloha, American, Atlantic Southeast, 
Cathay Pacific, Continental, Delta, Fed 
Ex, Frontier, Hawaiian, Horizon, 
JetBlue, Southwest, United, UPS, 
US Airways, TWA (prior to merger)

Manufacturers:

Regulatory and 
Governmental Agencies:

Unions and 
Trade Groups:

Accident Investigation 
Bodies:

Airlines: 



Emergency and Abnormal Situations Project
Taxonomy of the Domain

Broad, Over-arching Issues (3)

15 Different Categories of Issues:

Selected Emergency Equipment and Evacuation Issues (1)

Issues Related to the Aircraft (2)

Issues Related to Training (1)

Issues Related to Humans (5)

Issues Related to Checklists and Procedures (3)
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If Pack Fault due to low bleed air supply, then
a bleed leak does not exist, and if  WING 
ANTI-ICE is not required:

If Pack Fault due to low bleed air supply, and 
if a bleed leak does not exist, and if  WING 
ANTI-ICE is not required:



Start
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SAS 751 - MD-81 Dual Engine 
Failure – Gottrora, Sweden –
December 27, 1991

On takeoff, ice was ingested into 
the engines which damaged the 
fan stages and caused the 
engines to surge – all power was 
lost 77 seconds later.

During the event engine power was 
increased automatically by the Automatic 
Thrust Restoration (ATR) feature, which 
increased the intensity of the surging and 
contributed to the failure of the engines.

Neither the crew nor the company knew 
that the ATR feature existed on the 
airplane.
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Airtran 356 - 717-200 – Flushing, New York – March 26, 2003 
NTSB Preliminary Report

While on final approach the forward 
flight attendant noticed a burning 
smell and discovered that the 
handset to call the cockpit was not 
working.

The flight crew never heard the 
flight attendant pounding or yelling.

After landing she pounded on the 
cockpit door and yelled to get the flight 
crew’s attention.



Develop guidance for procedure development 
and certification, training, crew coordination, 
and situation management based on 
knowledge of the operational environment, 
human performance limitations, and cognitive 
vulnerabilities in real-world situations.

Overall Goal of the EAS Project



Challenges in Emergency and Abnormal Checklist Design

Smoke, Fire, and Fumes

Checklists and Procedures



Smoke, Fire, and Fumes Checklists and Procedures
A Few of the Many Design and Content Issues

• Location of checklists

• Determining / accessing the proper checklist

• Number of SFF checklists available and to choose between

• Length of checklist and amount of time needed to complete 
procedures

• General checklist design considerations

• Reduced visibility – font size, layout, color of text and background

• Paper vs. electronic checklists

• Various human factors considerations

• Ambiguity of cues / level of certainty about the situation

• Conflicting warnings / cues

• Smoke / fumes of an unknown origin 

• Hidden fires / smoke or fire in inaccessible places



Smoke, Fire, and Fumes Checklists and Procedures
A Few of the Many Design and Content Issues, continued

• What memory Items, if any?

• How much time spent on source identification / troubleshooting?

• Initiating a descent / diversion and when

• What type of descent profile?

• Timing of source identification vs. smoke removal vs. descent 
initiation vs. fighting fire

• High false smoke alarm rate

• EROPS – nearest airport is far away

• Ditching while on fire

• Powering down electrical buses

• Circuit breaker resetting 

• If / when to declare an emergency with ATC

• Communicating / coordinating with Cabin Crew
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Smoke, Fire, and Fumes Checklists and Procedures

Methods for Accessing the Correct Checklist
(un-alerted / unannunciated events):

• Gateway Checklist

• Several Separate Checklists

• One Integrated Checklist



Accessing the Correct Checklist: Gateway Checklist



Accessing the Correct Checklist: Several Separate Checklists



Accessing the Correct Checklist:  One Integrated Checklist

Courtesy of Captain Richard Gilbert, UAL



Integrated SFF Checklist Template



Smoke, Fire, and Fumes Checklists and Procedures

Three In-flight Smoke, Fire, Fumes Accidents:

Swissair 111 September 2, 1998

FedEx 1406 September 5, 1996

Air Canada 797 June 2, 1983

Checklist Design and Content Issues



Smoke, Fire, and Fumes Checklists and Procedures
Swissair 111

• Location of checklists

• Determining / accessing the proper checklist

• Number of SFF checklists available and to choose between

• Length of checklist and amount of time needed to complete 
procedures

• General checklist design considerations

• Reduced visibility – font size, layout, color of text and background

• Paper vs. electronic checklists

• Various human factors considerations

• Ambiguity of cues / level of certainty about the situation

• Conflicting warnings / cues

• Smoke / fumes of an unknown origin

• Hidden fires / smoke or fire in inaccessible places



Smoke, Fire, and Fumes Checklists and Procedures
Swissair 111

• What memory Items, if any?

• How much time spent on source identification / troubleshooting?

• Initiating a descent / diversion and when

• What type of descent profile?

• Timing of source identification vs. smoke removal vs. descent 
initiation vs. fighting fire

• High false smoke alarm rate

• EROPS – nearest airport is far away

• Ditching while on fire

• Powering down electrical buses

• Circuit breaker resetting 

• If / when to declare an emergency with ATC

• Communicating / coordinating with Cabin Crew



Swissair 111 - In-flight Fire 
Nova Scotia, Canada 
September 2, 1998

http://www.bst.gc.ca/en/reports/air/1998/a98h0003/01report/visual_library/flightprofile.asp


If smoke/fumes are 
not eliminated, land 
at nearest suitable 
airport

Swissair 111 - In-flight Fire 
Nova Scotia, Canada 
September 2, 1998



Smoke, Fire, and Fumes Checklists and Procedures

In a study of 15 in-flight fires that occurred between 
January 1967 and September 1998, the TSB of 
Canada determined that the average amount of time 
between the detection of an on-board fire and when 
the aircraft ditched, conducted a forced landing, or 
crashed was 17 minutes.

Emergency Descent and Diversion



Smoke, Fire, and Fumes Checklists and Procedures

Cost of Diversions:  fuel, passenger ill-will, operational considerations,
aircraft and crew scheduling, possible evacuation
injuries, etc.

D. Blake, 2000

Verified Smoke Events Versus Smoke Alarms
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False Cargo Smoke Alarms, 1974 -1999



Smoke, Fire, and Fumes Checklists and Procedures
FedEx 1406

• Location of checklists

• Determining / accessing the proper checklist

• Number of SFF checklists available and to choose between

• Lengths of checklists and amount of time needed to complete 
procedures

• General checklist design considerations

• Reduced visibility – font size, layout, color of text and background

• Paper vs. electronic checklists

• Various human factors considerations

• Ambiguity of cues / level of certainty about the situation

• Conflicting warnings / cues

• Smoke / fumes of an unknown origin 

• Hidden fires / smoke or fire in inaccessible places



FedEx 1406, DC-10 In-flight 
Fire – Newburgh, New York 
September 5, 1996

In a rapidly deteriorating 
situation under high stress 
and workload, some 
checklist steps were not 
completed, which resulted 
in the aircraft being partially 
pressurized after making an 
emergency landing.

The crew and two passengers 
barely escaped the burning 
aircraft.



Events:

• FE was confused by 
step 5 

• did not complete 
step 6 

• did not appear to 
complete step 7

FedEx 1406, DC-10 
September 5, 1996



Items Pertaining to Adjusting Cabin Altitude or Flight Level

FedEx 1406, DC-10 
September 5, 1996



Smoke, Fire, and Fumes Checklists and Procedures
Air Canada 797

• Location of checklists

• Determining / accessing the proper checklist

• Number of SFF checklists available and to choose between

• Lengths of checklists and amount of time needed to complete 
procedures

• General checklist design considerations

• Reduced visibility – font size, layout, color of text and background

• Paper vs. electronic checklists

• Various human factors considerations

• Ambiguity of cues / level of certainty about the situation

• Conflicting warnings / cues

• Smoke / fumes of an unknown origin 

• Hidden fires / smoke or fire in inaccessible places



Smoke, Fire, and Fumes Checklists and Procedures
Air Canada 797

• What memory Items, if any?

• How much time spent on source identification / troubleshooting?

• Initiating a descent / diversion and when

• What type of descent profile?

• Timing of source identification vs. smoke removal vs. descent initiation 
vs. fighting fire

• High false smoke alarm rate

• EROPS – nearest airport is far away

• Ditching while on fire

• Powering down electrical buses

• Circuit breaker resetting 

• If / when to declare an emergency with ATC

• Communicating / coordinating with Cabin Crew



Air Canada 797 - DC-9 In-flight Fire,  Covington,Kentucky    
June 2,1983

Captain was told the smoke was lessening – 5 ½ 
minute delay in starting emergency decent

Initial actions taken by cabin crew to assess 
and deal with fire were inadequate

After poor handoff, 
ATC identified the 
wrong radar target as 
the emergency flight

First officer turned the airconditioning 
and pressurization packs off

Toxic fumes and gases built up, a flash 
fire occurred soon after landing and 23 
passengers died.



NASA Technical Memorandum 

Smoke, Fire, and Fumes Checklists:  

Design and Content Considerations

(Work Currently in Progress)
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